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(57) ABSTRACT

Disclosed herein are various methods of protecting elevated
polysilicon structures during etching processes. In one
example, the method includes forming a layer stack above a
semiconducting substrate for a memory device, forming a
protective mask layer above the layer stack of the memory
device and performing at least one etching process to define a
gate electrode for a transistor while the protective mask 1s 1n
position above the layer stack for the memory device.
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METHODS OF PROTECTING ELEVATED
POLYSILICON STRUCTURES DURING
ETCHING PROCESSES

BACKGROUND OF THE INVENTION

1. Field of the Invention

Generally, the present disclosure relates to the manufactur-
ing of sophisticated semiconductor devices, and, more spe-
cifically, to various methods of protecting elevated polysili-
con structures during etching processes.

2. Description of the Related Art

The fabrication of advanced integrated circuits, such as
CPU’s, storage devices, ASIC’s (application specific inte-
grated circuits) and the like, requires the formation of a large
number of circuit elements 1n a given chip area according to
a specified circuit layout, wherein so-called metal oxide field
elfect transistors (MOSFETSs or FET's) represent one impor-
tant type of circuit elements that substantially determine per-
formance of the mtegrated circuits. Such field effect transis-
tors are frequently employed 1in making so-called “logic”™
circuits on a chip containing the integrated circuits. Such
integrated circuit chips also may include many memory
devices, such as Dynamic Random Access Memory
(DRAMSs) devices.

In fact, many modern integrated circuit chips may have one
or more “logic regions” where primarily logic circuits or logic
devices are made and one or more “memory regions or
arrays’’ that primarily contain memory devices. Although the
logic devices and memory devices are typically formed on the
same chip, and they frequently share common materials, such
devices do have fundamental structural differences, and they
may typically be formed at different times during a particular
process flow that 1s performed to form the completed inte-
grated circuit device.

As one specific example, a logic circuit may typically be
formed using a multitude of field effect transistors. A basic
field effect transistor comprises a source region, a gate region
and a channel region positioned between the source and drain
regions. Such a transistor further includes a gate msulation
layer positioned above the channel region and a gate electrode
positioned above the gate insulation layer. When an appro-
priate voltage 1s applied to the gate electrode, the channel
region becomes conductive and current may flow from the
source region to the drain region. In many cases, the gate
clectrodes are made of polysilicon.

A typical DRAM device includes, among other things, a
stack of layers. More specifically, a DRAM device typically
includes a gate insulation layer, a so-called floating gate
tormed above the gate imnsulation layer, one or more layers of
insulating material positioned above the floating gate and a
control gate positioned above the latter layer of insulating
material. In many cases, the control gate and the floating gate
are made of polysilicon.

The basic structures of the field effect transistors and of the
memory devices are typically formed by forming various
layers of matenial and thereafter patterning those layers of
material using known photolithography and etching pro-
cesses. It 1s frequently the case that the basic layer stack for
the memory devices, including the floating gate and the con-
trol gate, 1s formed prior to forming the gate electrodes for the
transistors in the logic regions of the device. Typically, in
patterning the gate electrodes for the logic devices, 1n one
illustrative process flow, a tri-layer stack of matenals 1s
formed above the gate electrode material layer, typically
polysilicon, 1n the logic regions, and above the previously
tormed stack of materials, including the tloating gate and the
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control gate, for the memory devices in the memory regions.
In one 1llustrative example, the tri-layer of materials 1s com-
prised of, for example, an organic dielectric layer (ODL)
formed above the gate electrode material layer, an antiretlec-
tive coating (ARC) layer positioned above of the ODL layer
and a patterned layer of photoresist formed above the ARC
layer.

Given the structural differences between the memory
devices (which includes both a floating gate and a control
gate) and the basic field effect transistors (which includes a
single gate electrode) there 1s a significant topography differ-
ence between the memory regions and the logic regions, 1.e.,
the basic memory stack 1s much taller than the stack of mate-
rials used to form the gate electrode structures 1n the logic
areas. Unfortunately, this height difference may lead to the
situation where the tri-layer of maternials does not adequately
cover or adequately protect the taller structures in the memory
regions. That 1s, 1n some cases, certain features of the taller
memory structures, €.g., the control gate that 1s comprised of
polysilicon, may actually be damaged during the etching
processes that are performed to define the gate electrodes for
the logic devices. At best, such damage can reduce the elec-
trical performance of the memory device and the circuits
incorporating such devices, and, in a worst case scenario,
depending upon the extent of the damage, may result 1n com-
plete device failure.

The present disclosure 1s directed to various methods that
may at least reduce or eliminate one or more of the problems
identified above.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the inven-
tion 1n order to provide a basic understanding of some aspects
of the invention. This summary 1s not an exhaustive overview
of the mvention. It 1s not intended to 1dentify key or critical
clements of the mmvention or to delineate the scope of the
invention. Its sole purpose 1s to present some concepts 1n a
simplified form as a prelude to the more detailed description
that 1s discussed later.

Generally, the present disclosure 1s directed to various
methods of protecting elevated polysilicon structures during,
etching processes. In one example, the method includes form-
ing a layer stack above a semiconducting substrate for a
memory device, forming a protective mask layer above the
layer stack of the memory device and performing at least one
etching process to define a gate electrode for a transistor while
the protective mask 1s 1n position above the layer stack for the
memory device.

In another 1llustrative example, a method 1s disclosed that
includes forming a layer stack above a semiconducting sub-
strate for a memory device, forming a layer of gate electrode
maternal for a transistor and forming a protective mask layer
above the layer stack for the memory device and above the
layer of gate electrode material. In this illustrative example,
the method further includes the steps of performing at least
one etching process to remove the protective mask layer from
above layer of gate electrode material to thereby define a
protective mask positioned above the layer stack for the
memory device and performing at least one etching process
on the layer of gate electrode matenial to define a gate elec-
trode for a transistor while the protective mask 1s 1n position

above the layer stack for the memory device.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the
following description taken 1n conjunction with the accom-
panying drawings, in which like reference numerals identify
like elements, and 1n which:
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FIGS. 1A-1G depict various illustrative methods of pro-
tecting elevated polysilicon structures during etching pro-

cesses; and

FIGS. 2A-2F depict other illustrative methods of protect-
ing elevated polysilicon structures during etching processes.

While the subject matter disclosed herein 1s susceptible to
various modifications and alternative forms, specific embodi-
ments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be
understood, however, that the description herein of specific
embodiments 1s not intended to limit the mvention to the
particular forms disclosed, but on the contrary, the intention 1s
to cover all modifications, equivalents, and alternatives fall-
ing within the spirit and scope of the invention as defined by
the appended claims.

DETAILED DESCRIPTION

Various 1llustrative embodiments of the mvention are
described below. In the interest of clarity, not all features of an
actual implementation are described 1n this specification. It
will of course be appreciated that in the development of any
such actual embodiment, numerous implementation-specific
decisions must be made to achieve the developers” specific
goals, such as compliance with system-related and business-
related constraints, which will vary from one implementation
to another. Moreover, 1t will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present subject matter will now be described with
reference to the attached figures. Various structures, systems
and devices are schematically depicted in the drawings for
purposes of explanation only and so as to not obscure the
present disclosure with details that are well known to those
skilled in the art. Nevertheless, the attached drawings are
included to describe and explain i1llustrative examples of the
present disclosure. The words and phrases used herein should
be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those
skilled 1n the relevant art. No special definition of a term or
phrase, 1.e., a definition that 1s different {from the ordinary and
customary meaning as understood by those skilled 1n the art,
1s intended to be implied by consistent usage of the term or
phrase herein. To the extent that a term or phrase 1s intended
to have a special meaning, 1.e., a meaning other than that
understood by skilled artisans, such a special definition waill
be expressly set forth in the specification 1 a definitional
manner that directly and unequivocally provides the special
definition for the term or phrase.

The present disclosure 1s directed to various methods of
protecting elevated polysilicon structures during etching pro-
cesses. As will be readily apparent to those skilled 1n the art
upon a complete reading of the present application, the
present method 1s applicable to a variety of devices, includ-
ing, but not limited to, logic devices, memory devices, etc.
With reference to FIGS. 1A-1G and 2A-2F, various 1llustra-
tive embodiments of the methods disclosed herein will now
be described 1n more detail.

FIG. 1A 1s a ssmplified view of an 1llustrative semiconduc-
tor device 100 at an early stage of manufacturing that 1s
tormed above a bulk semiconducting substrate 10. In general,
the device 100 1s comprised of a logic region 100L, where at
least some logic circuitry will be formed, and a memory
region 100M, where at least some memory devices will be
tormed. The substrate 10 may be comprised of a variety of
semiconducting materials such as, for example, silicon or
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s1licon germanium, etc. Illustrative trench 1solation structures
12 have also been formed 1n the substrate 10.

At the point of fabrication depicted 1n FIG. 1A, the basic
layer stack of a memory device 20 has been formed in the
memory region 100 using know techniques and materials.
In the 1llustrative example depicted in FIG. 1A, the layer stack
of the memory device 200 comprises a gate insulation layer
20A, a floating gate 20B, another layer(s) of insulating mate-
rial 20C and a control gate 20D. The memory device 20 1s
intended to be representative 1n nature and 1t does not include
all features of the completed memory device 20, such as
various doped regions, sidewall spacers, conductive contacts,
etc. The layer stack for the memory device 20 may be formed
by forming the various layers of material and thereafter per-
forming one or more etching processes to define the basic
layer stack for the memory device 20. In one illustrative
embodiment, the gate insulation layer 20A may be comprised
of, for example, silicon dioxide, 1t may be formed by either a
thermal growth process or by a deposition process, such as a
chemical vapor deposition (CVD) process, and 1t may have a
thickness of about 5-10 nm. The floating gate 20B and the
control gate 20D may be comprised of a variety of materials
such as, for example, polysilicon, etc. The floating gate 20B
and the control gate 20D need not be made of the same
material although they may be. In one illustrative embodi-
ment, both the floating gate 20B and the control gate 20D may
be comprised of polysilicon, they may be formed by perform-
ing a CVD or a furnace process, and they each may have a
thickness that ranges from about 80-100 nm. The insulating
layer 20C may be comprised of one or more layers of 1nsu-
lating material such as, for example a multi-layer stack of
oxide-nitride-oxide (ONQO), and 1t may have an overall thick-
ness of about 10 nm. In other cases, different materials and
different numbers of layers of materials may be employed.
Thus, the particular details of the memory device 20, the
materials used 1n 1ts construction and the manner 1n which 1t
1s made should not be considered a limitation of the presently
disclosed mmventions.

With continuing reference to FIG. 1A, 1n the logic region
100L, an illustrative gate insulation layer 14 and a layer of
gate electrode material 16 1s formed above the gate insulation
layer 14. The gate insulation layer 14 may be comprised of a
variety of different materials, such as, for example, silicon
dioxide, a so-called high-k (k greater than 10) insulation
material, etc. Similarly, the gate electrode material may also
be of a material such as polysilicon or amorphous silicon, or
it may be comprised of one or more metal layers. As will be
recognized by those skilled 1n the art after a complete reading,
of the present application, the gate structures for various
transistors that will be formed 1n the logic region 100L of the
device 100 may be comprised of a variety of diflerent mate-
rials and such gate structures may have a variety of configu-
rations, and the ultimate gate structures 1n the logic region
100l may be made using either so-called “gate-first” or
“ogate-last” techniques. In one illustrative embodiment, the
gate electrode maternial layer 16 may be made of polysilicon,
it may be made by performing a CVD process, and 1t may
have a thickness that ranges from about 100 nm.

Next, as shown 1n FIG. 1B, a protective mask layer 30 and
antiretlective coating (ARC) layer 32 are formed above the
device 100 1n both the logic region 100L and the memory
region 100M, and a masking layer 34 i1s formed above the
memory device 20. The protective mask layer 30 may be
either a hard mask layer or a soit mask layer. The protective
mask layer 30 may be comprised of a variety of different
materials such as carbon based materials like amorphous
carbon, near frictionless carbon (NFC), an organic material
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like a hardened resist material, etc. In general, the protective
mask layer 30 may be made of any material that exhibits a
relatively low etch rate when exposed to etch processes used
to etch polysilicon, like etch processes that use chlorine or
SE6, but at the same time 1s a material that exhibits a relatively
high etch rate when exposed to an oxygen-based etching or
stripping process, which allows the protective mask layer 30
to be easily removed after 1t has served 1ts protective purpose.
In one 1llustrative embodiment, the protective mask layer 30
1s a hard mask layer comprised of amorphous carbon having
a thickness of about 80-100 nm that 1s 1mitially formed by
performing a plasma enhanced CVD process. The ARC layer
32 may be comprised of a variety of different materials such
as, for example, silicon oxynitride, carbon-doped silicon
oxide, etc. In one 1llustrative embodiment, the ARC layer 32
1s a layer of carbon-doped silicon oxide having a thickness of
about 20-30 nm that 1s iitially formed by performing a CVD
process. The patterned mask layer 34 may be a patterned layer
of photoresist that may be formed using known photolithog-
raphy tools and techniques.

Next, as shown 1n FIG. 1C, one or more dry or wet etching,
processes are performed through the mask layer 34 to remove
the exposed portions of the protective hard mask layer 30 and
the ARC layer 32. In one illustrattve embodiment, one or
more dry anisotropic etching processes are performed to
remove the exposed portions of the protective hard mask layer
30 and the ARC layer 32.

Thereafter, as shown in FIG. 1D, the mask layer 34 1s
removed from the memory region 100M. The mask layer 34
may be removed by performing any of a variety ol known
techniques, e.g., an ashing process.

The next process operation generally involves forming gate
clectrode structures for the logic devices 1n the logic region
100L. To that end, 1n one illustrative embodiment, a multi-
layer system 1s employed to accomplish this task. As shown in
FIG. 1E, in one illustrative example, an ODL layer 36, an
ARC layer 38 and a patterned mask layer 40 1s formed above
the device 100. Note that the protective hard mask layer 30
remains on the memory device 20 during this process. With-
out the hard mask layer 30, depending upon the thickness of
the ODL layer 36 and the ARC layer 38, a situation may arise
where the combined height of the ODL layer 36 and the ARC
layer 38 would offer little 1f any protection to the memory
device 20 during the etching process that 1s performed to form
the gate electrode structures (typically comprised of polysili-
con) 1n the logic region 100L. The hard mask layer 30 is
comprised of a material that 1s resistant to the etchant used to
form the gate structures 1n the logic regions 100L and 1t serves
to protect at least the underlying control gate 20D (which 1s
also typically made of polysilicon) during the gate etching
process. The patterned mask layer 40 may be a patterned layer
of photoresist that may be formed using known photolithog-
raphy tools and techniques. In one 1llustrative embodiment,
the ODL layer 36 has a thickness of about 150-400 nm and 1t
1s 1nitially formed by performing a lithography process. In
one 1illustrative embodiment, the ARC layer 38 1s a silicon
based ARC matenial, 1t has a thickness of about 20-30 nm and
it 1s mnitially formed by performing a lithography process.

Next, as shown 1n FIG. 1F, one or more dry or wet etching
processes are performed through the mask layer 40 to remove
the exposed portions of the ARC layer 38, the ODL layer 36,
the gate electrode material layer 16 and the gate insulation
layer 14. In one illustrative embodiment, one or more dry
anisotropic etching processes are performed to remove these
various layers of material. These etching processes define a
plurality of gate electrodes 16 A for various transistors that
will be formed 1n the logic region 100L of the device 100.
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Note that during these various etching processes, the protec-
tive mask layer 30 remains on the memory device 20 and
protects the memory device 20, or components thereof, from
undesirable attack during the etching processes.

Then, as shown 1n FIG. 1@, the protective mask layer 30 1s
removed from above the memory device 20 and a general
cleaning (etching) process 1s performed on the device 100 to
produce a device that 1s ready for subsequent processing
operations. In one illustrative embodiment where the protec-
tive mask layer 30 1s made of amorphous silicon, 1t may be
removed by performing a process operation in situ. More
specifically, 1n one example, after the etching process 1s per-
formed 1n a process chamber to etch through the gate elec-
trode material layer 16, e.g., a layer of polysilicon, the sub-
strate remains positioned 1n the same process chamber and
the etching chemistry employed may be changed such that 1t
attacks the amorphous carbon protective mask layer 30. That
1s, 1n this 1llustrative embodiment, the removal of the protec-
tive mask layer 30 1s done prior to removing the substrate
from the process chamber. In one 1illustrative embodiment,
ctchants such as a plasma comprising ozone, oxygen, hydro-
gen, etc., may be employed 1n such an 1n situ process to
remove the amorphous carbon protective mask layer 30. In
other embodiments, the protective mask layer 30 may be
removed using an ex situ technique. That 1s, 1f necessary, a
masking layer (not shown) may be employed to cover features
of the device 100 other than the protective mask layer 30 and
an etching process may be performed to remove the protective
mask layer 30 from above the memory device 20.

FIGS. 2A-2F depict other 1llustrative techniques for form-
ing a protective mask layer 50 above the memory device 20.
As shown 1n FIG. 2A, a protective mask layer 50 1s formed
above the device 100 1n both the logic region 100L and the
memory region 100M and a masking layer 52 1s formed above
the memory device 20. The protective mask layer 50 may be
comprised of a variety of different materials such as silicon
dioxide, TEOS (tetracthylorthosilicate), a low temperature
oxide (L'TO), silicon oxynitride, etc. In general, the protective
mask layer 50 may be comprised of any material that exhibits
a relatively low etch rate when exposed to etch processes used
to etch polysilicon, like etch processes that use chlorine or
SE6, but at the same time 1s a material that may be easily
removed by performing, for example, a wet etching process
using a chemical like HF. In one illustrative embodiment, the
protective mask layer 50 1s a hard mask layer of silicon
dioxide having a thickness of about 30-50 nm that 1s initially
formed by performing a CVD process. The patterned mask
layer 52 may be a patterned layer of photoresist that may be
formed using known photolithography tools and techniques.

Next, as shown i FIG. 2B, one or more dry or wet etching
processes are performed through the mask layer 52 to remove
the exposed portions of the protective mask layer 30. In one
illustrative embodiment, one or more dry anisotropic etching
processes are performed to remove the exposed portions of
the protective hard mask layer 50. Thereafter, the mask layer
52 1s removed from the memory region 100M. The mask layer
52 may be removed by performing any of a variety of known
techniques, e.g., an ashing process.

Thenextprocess operation generally involves forming gate
clectrode structures for the logic devices 1n the logic region
100L. To that end, as shown 1n FIG. 2C, 1n one illustrative
embodiment, the multi-layer system described above 1n con-
nection with FIG. 1F 1s employed to accomplish this task.
That 1s, 1n one illustrative example, the ODL layer 36, the
ARC layer 38 and the patterned mask layer 40 are formed
above the device 100. Note that the protective mask layer 50
remains on the memory device 20 during this process.




US 8,569,173 B2

7

Next, as shown 1n FIG. 2D, one or more dry or wet etching
processes are performed through the mask layer 40 to remove
the exposed portions of the ARC layer 38, the ODL layer 36,
the gate electrode material layer 16 and the gate insulation
layer 14. In one 1illustrative embodiment, one or more dry
anisotropic etching processes are performed to remove these
various layers of material. These etching processes define a
plurality of gate electrodes 16 A for various transistors that
will be formed 1n the logic region 100L of the device 100.
Note that during these various etching processes, the protec-
tive mask layer 50 remains on the memory device 20 and
protects the memory device 20, or components thereot, from
undesirable attack during these etching processes. Similar to
the previous embodiment, without the hard mask layer 50,
depending upon the thickness of the ODL layer 36 and the
ARC layer 38, a situation may arise where the combined
height of the ODL layer 36 and the ARC layer 38 would offer
little 11 any protection to the memory device 20 during the
etching process that 1s performed to form the gate electrode
structures (typically comprised of polysilicon) in the logic
region 100L. The hard mask layer 50 1s comprised of a mate-
rial that 1s resistant to the etchant used to form the gate
structures 1n the logic regions 100L and 1t serves to protect at
least the underlying control gate 20D (which 1s also typically
made of polysilicon) during the gate etching process.

Next, as shown 1n FIG. 2E, a mask layer 54, e.g., a photo-
resist mask, 1s formed over the logic region 100L and an
etching process 1s performed to remove the protective mask
layer S0 from above the memory device 20. In one illustrative
example, a dry etching process 1s performed to remove the
protective mask layer 50. Then, as shown 1n FI1G. 2F, a general
cleaning (etching) process 1s performed on the device 100 to
produce a device that 1s ready for subsequent processing
operations.

The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. For example,
the process steps set forth above may be performed in a
C
t

1fferent order. Furthermore, no limitations are intended to
ne details of construction or design herein shown, other than
as described 1n the claims below. It 1s therefore evident that
the particular embodiments disclosed above may be altered or
modified and all such variations are considered within the
scope and spirit of the mnvention. Accordingly, the protection
sought herein 1s as set forth 1n the claims below.

What 1s claimed:

1. A method, comprising;:

forming a layer stack above a semiconducting substrate for
a memory device;

forming a protective mask layer above said layer stack of
said memory device;

positioning said substrate 1in a process chamber and there-
alter performing at least one etching process 1n said
process chamber to define a gate electrode for a transis-
tor while said protective mask 1s 1n position above said
layer stack for said memory device; and

after performing said at least one etching process 1n said
process chamber, removing said protective mask layer
from above said layer stack of said memory device by
performing a process operation in said process chamber
betfore removing said substrate from said process cham-
ber.

2. The method of claim 1, wherein forming said protective

mask layer above said layer stack of said memory device
comprises forming said protective hard mask layer from at
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least one of silicon dioxide, amorphous carbon, a carbon
based material, an organic material or photoresist.

3. The method of claim 1, wherein at least one of said layers
of said layer stack of said memory device and said gate
clectrode are comprised of the same material.

4. The method of claim 1, wherein said protective mask
layer 1s a layer of material that exhibits a relatively low etch
rate when exposed to an etching process that 1s performed to
remove polysilicon.

5. The method of claim 1, wherein an overall height of said
layer stack for said memory device 1s greater than an overall
height of said gate electrode for said transistor.

6. A method, comprising:

forming a layer stack above a semiconducting substrate for

a memory device;

forming a layer of gate electrode material for a transistor;

forming a protective mask layer above said layer stack for

said memory device and above said layer of gate elec-
trode matenal;
performing at least one etching process to remove said
protective mask layer from above layer of gate electrode
material to thereby define a protective mask positioned
above said layer stack for said memory device;

performing at least one etching process on said layer of
gate electrode material to define a gate electrode for a
transistor while said protective mask 1s in position above
said layer stack for said memory device; and

alter performing said at least one etching process on said

layer of gate electrode material to define said gate elec-

trode for said transistor, removing said protective mask

from above said layer stack of said memory device by:

forming a patterned mask layer above said substrate that
exposes said protective mask; and

performing an etching process through said patterned
mask layer to remove said protective mask.

7. The method of claim 6, wherein forming said protective
mask layer comprises forming said protective hard mask
layer from at least one of silicon dioxide, amorphous carbon,
a carbon based material, an organic material or photoresist.

8. The method of claim 6, wherein at least one of said layers
of said layer stack of said memory device and said layer of
gate electrode maternial are comprised of the same matenal.

9. The method of claim 6, wherein said layer of gate elec-
trode material 1s comprised of polysilicon and said protective
mask layer 1s a layer of material that exhibits a relatively low
ctch rate when exposed to said at least one etching process on
said layer of gate electrode matenial.

10. The method of claim 6, wherein an overall height of
said layer stack for said memory device 1s greater than an
overall height of said gate electrode for said transistor.

11. A method, comprising:

forming a layer stack above a semiconducting substrate for

a memory device;

forming a protective mask layer above said layer stack of

said memory device;

performing at least one etching process to define a gate

clectrode for a transistor while said protective mask 1s 1n
position above said layer stack for said memory device;
and

alter performing said at least one etching process, remov-

ing said protective mask layer from above said layer

stack of said memory device by:

forming a patterned mask layer above said substrate that
exposes said protective mask layer; and

performing an etching process through said patterned
mask layer to remove said protective mask layer.
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12. A method, comprising:

forming a layer stack above a semiconducting substrate for
a memory device;

forming a layer of gate electrode maternal for a transistor;

forming a protective mask layer above said layer stack for
said memory device and above said layer of gate elec-
trode maternal;

performing at least one etching process to remove said
protective mask layer from above said layer of gate
clectrode material to thereby define a protective mask
positioned above said layer stack for said memory
device;

positioning said substrate 1in a process chamber and there-
alter performing at least one etching process on said
layer of gate electrode material to define a gate electrode
for a transistor while said protective mask 1s 1n position
above said layer stack for said memory device; and

after performing said at least one etching process on said
layer of gate electrode material to define said gate elec-
trode for said transistor 1n said process chamber, remov-
ing said protective mask from above said layer stack of
said memory device by performing a process operation
in said process chamber before removing said substrate
from said process chamber.
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